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Optical surface generation in ultra-precision polishing
of freeform
CHEUNG Chi-fai, HO Lai-ting, KONG Ling-bao, LEE Wing-bun
（Advanced Optics Manufacturing Centre, Department of Industrial and Systems Engineering,
The Hong Kong Polytechnic University, Kowloon 00852, China ）
Abstract: Ultra-precision polishing is an emerging technology for the fabrication of high precision and
high quality optical surface of freeform. It is capable of overcoming the shortcomings of other ultra -precision
freeform machining technologies, such as the low machining efficiency and non -ferrous materials limitations
for ultra -precision raster milling and fast tool servo machining. However, our understanding of the surface
generation mechanisms in ultra-precision polishing is far from complete. As a result, an experimental study of
the effect of machining strategy on the surface generation in ultra -precision polishing was presented in this
paper. A series of polishing experiments had been done. It is interesting to find that the quality of the polished
surface heavily relies on a proper selection of process conditions and polishing strategies. The polishing
process was not only found to be useful for removing the undesirable machine marks produced by other
machining processes but also be able to generate preferred structure texture for functional applications. The
results of the study provide an important means for better understanding of the surface generation as well as
the strategy for the optimization of the surface quality in ultra-precision polishing of freeform.
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光机 (Zeeko IRP 200)进行抛光实验，如图 1 所示。 该
抛光机具有 7 个运动轴， 其中 4 个轴控制工件运动，
另外 3 个轴控制抛光头，如图 2 所示。 该抛光机利用
一个位于 A轴和 B轴的中心的、 称为虚拟支点(Virtual
Pivot)的位置 ，并协同抛光头半径来控制在工件表面
的接触点， 使得 CNC 控制器得知其在机床坐标系里
的准确位置，从而实现自由曲面轮廓的精确跟踪。 该
图 1 多轴超精密抛光设备
Fig.1 Ultra-precision freeform polishing
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图 2 机床的 7 轴运动






磨头半径、磨具偏移 、 磨具驻留时间 、工件的几何形
图 3 超精密自由曲面抛光一自由曲面模芯
Fig.3 Ultra-precision freeform polishing of a freeform mould insert
图 4 超精密机械抛光的切削几何模型
Fig.4 Cutting geometry of the ultra -precision mechanical polishing
状等。 材料因素有：抛光布材料、抛光液磨料、工件材










































工件材料为镍铜， 粗加工采用美国 Precitech 公司
的 5 轴自由曲面加工中心 (Freeform 705 G) 的飞刀铣
削加工方法，粗加工条件为：主轴转速 4 000 r/min，进给
速度 300 mm/min，切削深度 10 μm，切削间距 0.2 mm。
之后进行抛光，抛光条件参数见表 1。 利用非接触式测
量系统 Wyko NT8000 测量曲面的三维数据。
表 1 A 部分实验所采用的抛光条件参数
Tab.1 Polishing conditions used in Part A of
the experiment
图 6 为抛光前和抛光后的三维表面拓扑形貌。 飞
刀铣削残留于工件表面的槽状刀痕对于光学应用是不
利的， 因为可能会产生微小光栅效应从而影响表面的
光学性能。如图 7 所示，表面粗糙度 Ra 已从 693.04 nm
减小到 56.62 nm，同时，飞刀铣削产生的刀痕已经去除。






图 6 Wyko NT8000(5X)测量的三维表面形貌






Fig.7 Surface roughness profile of the machined
surfaces cross-section
Head speed/r·min-1 1 500
Head pressure/Pa 2
Offset/mm 0.6
Feed rate/mm·min-1 1 000
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(a) 抛光前 (b) 抛光后
(a) Before polishing (b) After polishing
图 8 显微镜图像
Fig.8 Micrograph of surfaces
供了一个重要方法。
3.2 B 部分：抛光策略对表面生成的影响
工件材料为镍铜， 粗加工采用美国 Precitech 公司
的超精密车床(Nanoform 200)单点金刚石车削，粗加工
条件为：主轴转速 1 200 r/min，进给速度 4 mm/min。 之
后进行抛光，抛光条件参数见表 2。
表 2 B 部分实验所用的抛光条件参数














Fig.9 Surface topographies for the workpiece after different






Precess angle/(°) 15 15
Head speed/r·min-1 1 200 1 200
Offset/mm 0.3 0.3
Head pressure/Pa 105 105
Step/mm 1 N/A
Feed rate/mm·min-1 50 50
C-axis speed/r·min-1 N/A 100
Polishing number N/A 1
Bonnet radius/mm 20 20
Polishing cloth Cerium oxide D′16 Cerium oxide D′16




1st polishing 2nd polishing 3rd polishing
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